Abstract: Green brick, a sustainable innovation, is not only eco-friendly but also a saviour of environment as it utilises waste material generated by other industrial sectors, e.g., fly ash. However, for it to serve the cause of sustainability it needs to be adopted by industry and consumer. Despite it being a meritorious product its adoption by consumers in India is sparse and reasons are scarcely investigated. Literature review reveals that well accepted constructs of innovation adoption are seldom used for investigating adoption of sustainable innovation. Considering the need and scarcity of literature, this study attempts to identify factors affecting consumers' adoption of green brick innovation. Factor analysis of 472 responses resulted in six factors. Multiple regression analysis is conducted to examine the effects of identified factors on adoption. The findings are expected to assist in improving adoption of green brick and consequently in increasing utilisation of waste material such as fly ash.
Introduction
Brick is a long lasting and excellent load bearing building material. It is one of the oldest building materials, being used by human being from as early as 14000 BC and is still one of the most demanded masonry units (Kadir and Sarani, 2012) . Traditional clay brick requires high temperature kiln that consumes substantial energy, causes air pollution and generates greenhouse gases contributing to global warming. Contrasting this manufacturing process of green brick is eco-friendly. Extensive R&D has facilitated various techniques that enable innovative utilisation of waste material in brick manufacturing. Thus manufacturing process of innovative green brick is not only ecofriendly (causing minimum harm to environment) but also a saviour of environment as it utilises waste material generated by other industrial sectors. However, for these innovations to serve the cause of sustainability they need to be adopted by industry and consumer.
Innovation adoption is a well-recognised and widely investigated subject. To explain adoption behaviour in context of innovation in general, several theories and models are suggested in literature. Some of the most common models relevant to adoption of innovation by consumers are discussed here, viz., theory of reasoned action (TRA) (Fishbein and Ajzen, 1975) , theory of diffusion of innovation (DOI) (Rogers, 1983) , technology acceptance model (TAM) (Davis, 1989) and theory of planned behaviour (TPB) (Ajzen, 1991) . TRA, TAM, TPB and several other adoption models utilise intention as a measure of adoption. Intention is a good predictor of behaviour (Armstrong et al., 2000; Ajzen, 2005) . TRA suggests that a person's behaviour is predicted by behavioural intention; whereas behavioural intention is influenced by attitude and subjective norm (Fishbein and Ajzen, 1975) . TPB extends TRA by suggesting that one more factor, perceived behavioural control influences behavioural intention (Ajzen, 1991) . TAM proposes that behaviour is predicted by intention, while intention is influenced by attitude and perceived usefulness, whereas the attitude is predicted by ease of use and perceived usefulness; further ease of use also influences perceived usefulness (Davis, 1989) . According to DOI theory about 49-87 of variance in the rate of adoption is explained by five attributes of innovation, viz., relative advantage, compatibility, complexity, trialability and observability. These adoption models have been found very useful in explaining and predicting adoption of various innovations. Numerous empirical studies are found in literature selecting and using the constructs of innovation adoption models in different ways suiting to need of the innovation and population under investigation. However, applicability of these models and their constructs are scarcely investigated in context of sustainable innovations. It is argued that sustainable innovation differs from other innovations (Karakaya et al., 2014) , therefore the methods applicable for other innovations may be not enough to capture the success dynamics of sustainable innovations (De Medeiros et al., 2014; Karakaya et al., 2014) . It is recognised in the literature that the constructs of innovation adoption models can aid in studying adoption of sustainable innovations; however, the need for verification and supplementation is also acknowledged. For example, Karakaya et al. (2014) affirms that DOI theory can help in understanding adoption of sustainable innovations but argues that its relevance to explain adoption of sustainable innovations needs to be examined.
In context of sustainable innovations, adoption is relatively an emerging topic. A brief description of development of behavioural research in context of sustainable innovation is presented here. During 1970s and 1980s there were very limited availability of environmentally sustainable innovations, therefore the studies were focused on non-consumption behaviour such as energy conservation (Follows and Jobber, 2000) . Consumption-based behaviour received significant interest in 1990s but these studies were largely focused on post-purchase behaviours such as recycling and waste separation (Follows and Jobber, 2000) . Purchase and adoption behaviours of sustainable innovation have recently gained more importance both in practice and academia (Karakaya et al., 2014) . Given the increasing concern for climate change, urgency to mitigate it and escalated availability of sustainable innovations; adoption behaviours in the domain is receiving significant interests. Consequently number of publications in adoption of sustainable innovation is increasing (Karakaya et al., 2014) . However, most of the reported works have not used the time tested and widely accepted constructs of innovation adoption. To exemplify this some of the studies are cited here. Yakovleva and Flynn (2009) studied adoption of organic production. Nijkamp et al. (2001) discussed the adoption of environmentally friendly technologies among firms from a micro-economics perspective. Bhate and Lawler (1997) studied adoption of environmentally friendly products. Gonzalez and Moran (2005) provided an econometric analysis of the factors leading to environmental technology adoption in the pulp and paper industry in Spain. Verhulst (2012) studied role of human factors in the adoption of sustainable design criteria in business, with the help of Belgian and Dutch case studies. Nath et al. (2015) examined antecedents of green purchase intentions. Samarasinghe and Samarasinghe (2013) studied consumers' green purchasing behaviour. However, none of these studies use constructs of innovation adoption.
Contrasting above, significantly lesser number of studies is found in literature that used constructs of innovation adoption for investigating adoption of sustainable innovations. Some of such studies are discussed here. Lin and Ho (2010) analysed the adoption factors of green practices in Chinese logistics industry. Sopha and Klöckner (2011) studied Norwegian households' adoption of wood pellet heating. Ozaki (2011) investigated adoption of green electricity. Jansson (2011) investigated adoption of alternative fuel vehicle. Thøgersen and Zhou (2014) studied consumers' adoption of organic food. The present study attempts to contribute to this relatively less investigated area. Focus of this study is consumer's adoption of green brick. From the perspective of consumers' decision concerns, adoption of green brick has notably different aspects compared to sustainable innovations discussed above. This is so because selection of a building material involves high stakes due to great deal of investment, concerns for safety and concerns for durability of the construction. In addition to this, impracticability of trialability of building material makes the decision further complicated. From the perspective of sustainability, manufacturing of green brick utilises industrial waste material. Innovative utilisation of industrial waste material as an input material for manufacturing of various green products is an important issue in context of environmental sustainability. However, adoption of such green products is scarcely investigated. Against this backdrop, the study attempts to examine the factors affecting consumers' adoption of green brick, a sustainable innovation, in light of constructs of adoption models and theories discussed earlier. Next paragraph describes green brick.
Brick is used for construction works across the world. Presently China and India are two largest producers and consumers of brick by virtue of large population, growing economy and rapid development. In India brick manufacturing is mostly done by unorganised small scale industries (Khan and Vyas, 2008) . Market demand for brick in India is estimated to be about 100 billion units per year (Dhadse et al., 2008) . A large portion of this demand is served by traditional brick known as fired clay brick. Production of fired clay brick in such a huge volume has many environmental concerns. For example, it uses extensive quantity of fertile top soil, formation of which takes thousands of years (Kumar et al., 2005) . The fire-hardening process requires burning of large amount of fuel, typically wood or coal. Usually the waste water is not managed appropriately and allowed to flow back to the source which causes water pollution, and also the kiln process is inefficient which leads to air pollution (Khan and Vyas, 2008) . These environmental concern associated with brick sector is only but one side of the coin. On the flip side, by virtue of numerous innovations enabled by extensive R&D, brick sector is recognised as an excellent avenue for recycling or utilising waste material generated by other industrial sectors. Brick can be manufactured using waste materials such as processed waste tea, limestone dust, wood sawdust, rubber, polystyrene, sludge and fly ash (Kadir and Sarani, 2012) . The focus of this study is unfired brick manufactured using fly ash.
Fly ash is an industrial waste generated at coal-based thermal power plants across the world. China and India generate huge quantity of fly ash. In future generation of fly ash in both the countries is likely to increase further due to increasing demand for electricity for their large populations clubbed with increasing use of coal for electricity generation. Fly ash is toxic, thus hazardous to environment and life (Dhadse et al., 2008) . Interestingly fly ash is also recognised as a useful raw material for many industrial sectors including unfired brick manufacturing sector. Unfired fly ash brick saves energy, do not emit any pollutant and greenhouse gas and uses a waste material (fly ash), is therefore advantageous to the environment and often recognised as green brick or environmental friendly brick (Chindaprasirt and Pimraksa, 2008; Ibrahim et al., 2014) . Green innovations, sustainable innovation, Eco-innovation or environmental friendly innovation are the terms used for the type of innovation which contributes to an improved environment (Hörte and Halila, 2008) . The building material segment, mainly brick and cement, has been the largest user of fly ash and accounts for about 50% of total utilisation. In case of China cement sector contributes about 38% of total utilisation and brick/block sector contributes about 26% of total utilisation of fly ash (Tang et al., 2013) . Whereas in India, according to Central Electricity Authority (CEA) cement sector contributes over 40% of total utilisation, however brick/block sector contributes about 10% of total utilisation of fly ash (CEA, 2014). As follows, in India utilisation of fly ash in brick manufacturing is much lower than utilisation in cement manufacturing. This is so because the innovative idea of using fly ash in brick manufacturing did not get commercialised at significant levels (Kumar et al., 2005) . Discussing the challenges in utilisation of fly ash in sustainable innovations (Alam and Akhtar, 2011) recognise that the problem is not due to lack to technical competence of innovations but more of adoption, implementation and better management of improved and appropriate technologies. Fly ash brick is economical and has many technical advantages such as higher compressive strength, lesser breakage, more resistant to salinity and water seepage (Malik and Thapliyal, 2009 ). Thus use of fly ash in brick manufacturing provides a meritorious product to consumers. However, despite these merits the adoption of fly ash brick has been struggling at many places in India. It has been recognised in innovation adoption literature that getting an innovation adopted is difficult, even when it has obvious advantages (Rogers, 1983) . Here innovation is defined as "an idea, practice, or object that is perceived as new by an individual or other unit of adoption" (Rogers, 1983) . Accordingly any product that is perceived as new by prospective adopter is an innovation from the perspective of adoption. In context of this study, prospective adopter or unit of adoption is consumer. According to Schrader (2007) consumers' role in sustainable development is believed to be significant and two folded, viz., reducing resources consumption and influencing companies' behaviour. In context of this study, consumers' role in sustainable development with regard to coal-fired thermal power plants is three folded, viz.,
• reducing electricity consumption
• influencing power generation companies to practice sustainable development
• adopting innovative products utilising fly ash, an industrial waste generated at power plants.
This study concerns the third aspect and aims to identify and examine the factors affecting consumers' adoption of green brick manufactured using fly ash.
Methodology
An empirical study is carried out to identify and examine the factors affecting consumers' adoption of green brick. For identification of factors a data-driven exploratory approach is used considering the scarcity of strong theoretical models relevant to consumers' adoption of waste utilising sustainable innovations such as green bricks. Exploratory factor analysis is preferred if a priori specification or theoretical models are unavailable (Gerbing and Hamilton, 1996; Koufteros, 1999) . Subsequently the identified factors are subjected to multiple regression analysis. The method is used in various studies, for example, Tobler et al. (2012) and Janota and Broussard (2008) , to examine the effects of identified factors on dependent variable. This study involves three stages: semi-structured interview, pilot study and questionnaire survey. In the first stage a preliminary study is conducted to obtain qualitative input from the field. For this, semi-structured interviews were arranged with 25 relevant respondents selected purposively. This comprises five executives of fly ash brick manufacturers, two researchers, three executives of power plants, two construction workers, three masons, three retailers and seven consumers of fly ash brick. The collected input from the field in the first stage of the study together with the learning from review of relevant literature forms the basis for development of questionnaire for the second stage of the study. Consequently in the second stage a questionnaire is developed covering all possible issues affecting intention to adopt fly ash brick. All items are measured using a five-point Likert scale ranging from strongly disagree (1) to strongly agree (5). Questionnaire is then validated by subjecting it to content validity and face validity. The content validity of questionnaire is assessed by experts, i.e., three faculty members of concerned subject. The process of face validity of questionnaire is similar to that of content validity except that the assessment is done by the five consumers of fly ash brick. On the basis of the feedback some questions are deleted and some questions are added. In addition, word selection, sequencing and format are amended. Using the revised questionnaire data are collected from 17 consumers for pilot study. On the basis of the findings of pilot study the final questionnaire containing 21 items concerning factors affecting adoption of fly ash brick is developed. Adoption intention is operationalised using three items measuring respondents' intention to adopt fly ash brick if they undertake a construction in near future. Three items of the construct attempts to assess intention to explore about fly ash brick, intention to use fly ash brick for boundary wall and intention to use fly ash brick for main building.
With help of the developed questionnaire, in the third stage of the study, primary data are collected from consumers across India. Snowball sampling technique is used considering the exploratory nature of the study. About 1000 questionnaire are distributed. Distribution of questionnaire is done in person as well as by post and email. Non-response follow-up is done mostly through email and phone. In some cases depending on need and feasibility, personal visits to the respondents are made. Total 497 responses are collected. After the scanning for missing data 25 responses are excluded. Finally, 472 responses are found valid and used for the analysis. Profile of the respondents' is included in Appendix. Factor analysis of collected data is done to identify factors affecting adoption of fly ash brick. Further to examine the effect of identified factors on adoption the statistical method of multiple regression analysis is conducted. Next section presents data analysis and results.
Analysis and results
First the reliability of measuring instrument is checked. Reliability measures the internal consistency of the questionnaire. Cronbach alpha is most widely used measure to assess the internal consistency. An alpha value larger than 0.6 (α > 0.6) is considered acceptable (Hair et al., 2009 ). The value of Cronbach alpha of questionnaire used in this study is 0.847, which is much larger than 0.60 indicating strong internal consistency. Suitability of study samples for factor analysis is validated by Kaiser-Meyer-Olkin (KMO) and Bartlett test. KMO is a measure of sampling adequacy and Bartlett test is to examine the presence of correlations among the items. KMO statistics (0.764) is larger than 0.5, and therefore confirms that factor analysis is appropriate for the data. Bartlett test of sphericity is highly significant (χ 2 = 5285.93, df = 210, p < 0.001) and therefore factor analysis is appropriate (Hair et al., 2009 ).
Factor analysis
After accessing the reliability of questionnaire and examining the sample suitability, the statistical technique of factor analysis is undertaken in order to identify the factors affecting adoption of Fly Ash Brick by consumers. The factor analysis is done with help of statistical software package SPSS version 20.0. Principal component analysis with varimax rotation is used as method of extraction. The summary of result is presented in Table 1 . All 21 items of questionnaire is loaded on six factors with eigen-values greater than 1.0 accounting for 69.722% of the total variance. Factor loading above 0.5 is considered acceptable (Hair et al., 2009) , accordingly the loading of all items are within the acceptable range. Rotated component matrix is included in Appendix and the summary is shown in Table 1 . Further the internal consistency of the items within each factor is evaluated based on Cronbach alpha, an assessment of how well a set of items measures a single unidimensional latent construct. An alpha value larger than 0.6 (α > 0.6) is considered acceptable (Hair et al., 2009) . Table 2 shows that all extracted factors had Cronbach alpha value greater than 0.6. Convergence validity of the items measuring the construct adoption intention (dependent variable) is also assessed using factor analysis. A single factor with a strong loading 0.763 and eigen-value 2.048 is found explaining about 69.72% of the total variance. Internal consistency of the three items measuring the construct adoption intention is evaluated. The value of Cronbach alpha (0.760) is found to be larger than 0.60 indicating acceptable internal reliability, with a mean value 10.5876 and standard deviation 2.36502.
Interpretation of factors
The identified factors are interpreted in light of innovation adoption literature discussed in introduction section. The first factor consists of four items with factor loadings ranging from 0.655 to 0.898 with a Cronbach's alpha of 0.879. Four items measure whether fly ash brick is good for the construction, good for the environment, good for the society, and whether its use should be encouraged. All the items of this factor primarily measure favourable/unfavourable opinion of the respondents towards the use of fly ash brick.
In light of TRA, TAM and TPB the construct is labelled attitude of respondents towards the use of fly ash brick. "Attitudes refer to the degree to which a person has a favourable or unfavourable evaluation of the behaviour in question" (Ajzen, 1991) . The second factor consists of five items with factor loadings ranging from 0.581 to 0.820 with a Cronbach's alpha of 0.763. All the five items measure the advantages or superiority of fly ash brick over clay brick in terms of its durability, breakage, seepage, smooth surface and better shape. Accordingly, it is named relative advantage of technology. Relative advantage is defined as the degree to which an innovative product is perceived to be superior compared to the traditional product it supersedes (Rogers, 1983) . The third factor has three items with factor loadings ranging from 0.672 to 0.884 and a Cronbach alpha of 0.861. This factor is labelled compatibility because it attempts to make an assessment of compatibility of fly ash brick with construction needs of the adopter, worker's method of construction and adopter's perception of good quality brick. In context of this study, compatibility is defined as the degree to which an innovation is perceived as being consistent with needs and practices of potential adopters (Rogers 1983) . The fourth factor consists of three items with factor loadings ranging from 0.733 to 0.897 with a Cronbach's alpha of 0.823. Three items here measure whether using, finding mason and finding labour for fly ash brick is as easy as for clay brick. Thus the construct represents ease of use of the innovation. In context of this study ease of use can be defined as the degree to which a person believes that using fly ash brick would be free from efforts (Davis, 1989) . Ease of use and its opposite, complexity, have been found to be important in innovation adoption (Venkatesh and Davis, 1996) . Ease of use is expected to be positively associated with adoption of innovation while complexity is expected to be negatively associated. Complexity is the degree to which an innovation is perceived as difficult to understand and use (Rogers, 1983) . The fifth factor consists of three items with factor loadings ranging from 0.656 to 0.839 with a Cronbach's alpha of 0.729. The construct is labelled visibility because the items are associated with the visible use of fly ash brick by other adopters in the vicinity of the respondents. The items appraise use of fly ash brick by three categories of user, viz., government, big private and small private constructions in the region of respondents. The visibility or observability is defined as "the degree to which the results of an innovation are visible to others" (Rogers, 1983) . In context of this study the visibility is defined as the degree to which the use of fly ash brick is visible to others. The sixth factor has three items with factor loadings ranging from 0.664 to 0.868 with a Cronbach's alpha of 0.718. Items here measure whether respondents find it easy to get earlier user's feedback, expert's opinion and test the fly ash brick by trying it on limited basis. The factor is named risk reductionability as it refers to risk reduction ability of the respondents. The attribute of innovation mentioned in theory of DOI (Rogers, 1983) that associates with risk is called trialability. It is defined as "the degree to which an innovation may be experimented with on a limited basis" (Rogers, 1983) . Innovative products, due to its newness, are perceived to be risky. Trialability or experimentations on limited basis is a way to control the risk associated with the adoption of innovation (Gounaris and Koritos, 2012) . In context of fly ash brick, it may not be very straightforward for an individual small consumer to make an assessment of fly ash brick by trying it on limited basis, especially as one would be concerned with its performance in long run. However, there are other possible ways to minimise the risk and a prospective adopter considering to choose a new product (fly ash brick) over the traditional product (clay brick) would like to explore these other possible means in order to limit the risk associated with newness of fly ash brick. Accordingly, in context of this study, risk reductionability is a measure of perspective adopter's capability to minimise the risk associated with newness of fly ash brick. Thus total six factors are extracted and named as attitude, relative advantage, compatibility, ease of use, visibility and risk reductionability.
Regression analysis
To examine the effect of identified factors on adoption, multiple linear regression analysis is carried out using SPSS software package version 20.0. To detect the problem of multicolinearity, the variance inflation factor (VIF) is determined. The computed values are shown in Table 3 . The mean values are found to be less than two indicating that there is no problem of multicolinearity. Regression analysis results are shown in Table 3 . The value of r-squared indicates that, about 64.5% variance in intention to adopt fly ash brick is explained by the identified factors. Compatibility (p < 0.001), attitude (p < 0.001), ease of use (p < 0.001), risk reductionability (p = 0.015) and visibility (p < 0.001) are found to have significant effect on intention to adopt fly ash brick. Compatibility with highest standardised coefficients (β = 0.38) is found to be the most influencing factor of intention to adopt, followed by attitude (β = 0.266), visibility (β = 0.258), ease of use (β = 0.177) and risk reductionability (β = 0.073). Effect of relative advantage is not found to be statistically significant and its effect is also found to be small (p = 0.358, β = 0.029). 
Discussion and concluding remarks
This is probably the first study where an attempt is made to empirically investigate the factors affecting adoption of green brick innovation by consumers. Primary data are collected from consumers with help of a questionnaire survey. Factor analysis is undertaken to identify the factors of adoption. Total six factors are identified, viz., attitude, relative advantage, compatibility, ease of use, visibility and risk reductionability. Attitude agrees with construct of TRA, TAM and TPB. Ease of use agrees with construct of TAM. Three factors, namely, relative advantage, compatibility and visibility agree with constructs of theory of DOI. Further, ease of use and risk reductionability are also comparable to the constructs of theory of DOI. Ease of use is opposite to complexity.
Risk reductionability is though analogous to trialability it has one distinct aspect, i.e., its applicability for the cases where trying an innovation on limited basis is not feasible, as it is in the case of fly ash brick. In such cases risk reductionability can be a good substitute of trialability. To examine the effects of identified factors on intention to adopt fly ash brick multiple linear regression analysis is conducted. The findings suggest that compatibility is the most influencing factor of adoption of fly ash brick. This finding explains to some extend the reason behind -why fly ash brick is not well adopted despite it having an edge over fired clay brick on account of relative specification and price? The finding highlights the need to deploy appropriate technology for brick manufacturing so as to make it more compatible for construction. Therefore, manufacturing of brick must be more focused on compatibility issues rather than only on cost. Consumers' favourable/unfavourable attitude towards the use of fly ash brick is found to be the second most influencing factor of adoption. Accordingly a promotion drive highlighting that fly ash brick is compatible with consumers' construction need and its use is good for the construction, good for the environment and good for the society, will aid in improving consumers' perception about compatibility as well as in improving consumers' favourable attitude towards the use of fly ash brick. Visibility is found to be the third most influencing factor of adoption. Thus use of fly ash brick in government construction and mega private construction (malls, multi-story residential/commercial constructions) will not only improve the visibility but also confidence in fly ash brick. Therefore, the policy of using fly ash brick for all government construction and encouraging mega contractions to use fly ash brick is likely to aid in improving the adoption of fly ash brick. Consequently this study recommends
• focus on quality not cost; this may require facilitating technical training to manufacturers of fly ash brick
• a consumer awareness drive aiming to improve favourable attitude of consumers' towards the use of fly ash brick
• continuing the policy of using fly ash brick in government constructions and encouraging its use in mega private constructions.
The study provides actionable pointers to decision makers for planning and strategy formulation for increasing adoption of fly ash brick by taking into account the above-mentioned factors. This in turn is expected to aid in improving adoption of fly ash brick, a green innovation, and consequently in increasing utilisation of fly ash and serving the cause of sustainability. The scope, limitations and findings of this study may lead to new dimensions for future research. There seems to be no prior study that makes an attempt to empirically investigate the adoption of green bricks or green innovations utilising fly ash, accordingly, an exploratory approach is used in this study, however, future study might use confirmatory approach based on the findings of this study and innovation adoption literature. Limitations of the study include that the conclusion is based on 472 responses only; future study may cover a larger sample size. Considering the exploratory nature of the study, samples are drawn based on snowball sampling technique; future study may adopt superior technique such as systematic random sampling, suiting the need of the study. The study is conducted in India for one type of green brick, manufactured using fly ash; however, the identified factors are likely to be applicable to other types of green brick, other green innovations utilising fly ash and similar sustainable innovations utilising other industrial waste materials. This is so because the identified constructs agree with the constructs found in innovation adoption literature and these constructs have been tested extensively for various products in multiple countries in numerous studies. Nevertheless to develop more confidence, further studies may be conducted for other populations of interest for other types of green brick, other green innovations utilising fly ash and similar sustainable innovations. 
